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Point-contact (PC) spectroscopy measurements of YNi2B2C single crystals in the normal and 
superconducting (SC) state (Tc ~15.4K) for the main crystallographic directions are reported. The 
PC study reveals the electron-phonon interaction (EPI) spectral function with dominant phonon 
maximum around 12meV and further weak structures (hump or kink) at higher energy at about 
50meV. No "soft" modes below 12meV are resolved in the normal state. The PC EPI spectra are 
qualitatively similar for the different directions. Contrary, directional study of the SC gap results 
in A[ioo] ~ 1.5 meV for the a direction and A[ooi] ~ 2.3 meV along the c axis; however the critical 
temperature Tc in PC in all cases is near to that in the bulk sample. The value 2A[ooi]/teTc ~ 3.6 is 
close to the BCS value of 3.52, and the temperature dependence Apoi] (T) is BCS-like, while the for 
small gap A[ioo](r) is below BCS behavior at T > Tc/2 similarly as in the two-gap superconductor 
MgB2. It is supposed that the directional variation A can be attributed to a multiband nature of 
the SC state in YNi2B2C. 

PACS numbers: 72.10.Di, 74.45. +c, 74.70Dd 



INTRODUCTION 

The family of borocarbide superconductors RT2B2C, 
where i? is a rare-earth element and T is a transition 
metal element (mainly Ni) have been studied intensively 
after superconductivity in RT2^2C was discovered in 
1994 [l|,13l- Nevertheless, the nature and mechanism of 
superconductivity in borocarbides which have 3D elec- 
tronic structure are still under debate. The most ther- 
modynamic, transport and spectroscopic measurements 
[Ij m evidence that the superconducting (SC) state 
has an s-wave symmetry and the pairing is mediated by 
the electron-phonon interaction. However, for nonmag- 
netic R = Lu and Y cornpounds there are several prop- 
erties mentioned in Ref.[5|, which when taken together, 
might be interpreted also as hints for unconventional 
d-wave or p-wave superconductivity. An anisotropic s- 
wave order parameter (or s-t-g model) was proposed for 
LuNi2B2C and YNi2B2C in [y]. Anyhow, irrespective of 
the actual order parameter symmetry, there is clear evi- 
dence for a notable anisotropy of the SC gap in YNi2B2C 
0jBB[I3j 11, 12 , 13,01 at least on parts of the complex 

IHlIa- 

both the 



Fermi surface 



Using point-contact (PC) spectroscopy [IE 
SC order parameter and the PC electron-phonon interac- 
tion (EPI) function ap^Flcu) can be determined from the 
first and second derivatives of the I{V) characteristic of 
PC, respectively. The measurement of the second deriva- 
tive of the I{V) for PC provides straightforward informa- 
tion as to the PC EPI function al^Fi^) 0, E, 01 • The 
knowledge of a'^F{u!) for conducting systems is a touch- 
stone as to phonon-mcdiated superconductivity, which is 



governed by the value of the electron-phonon-coupling 
parameter X = 2 J a'^F{u>)ijj~^duj. Moreover, the com- 
parison of the experimentally determined a^Fiuj) with 
the calculated one can discriminate different theoretical 
models and approaches. Thus the PC spectroscopy could 
be helpful to illuminate details of the EPI in _Rr2B2C as 
well as to resolve non-phonon quasiparticle interactions. 
In addition, the SC gap determines the behavior of the 
I{V) curve of PC at the low biases of a few mV, which is 
widely used to derive the SC gap from routine fitting by 
the well-known Blonder-Tinkham-Klapwijk (BTK) equa- 
tions [2l[. These experimental information as to the SC 
gap and EPI function is very useful for understanding 
the SC properties and the mechanism of superconductiv- 
ity for the material under study. 

Up to now there are a few papers where YNi2B2C has 
been investigated by PC spectroscopy 0, [HI, [H, IH, 23, 
2j|. The first four papers are devoted to study of the 
SC gap, while the PC EPIspectra for YNi2B2C were 



measured and analyzed in |23l . |2J| . The main attention 
there was devoted to study the low energy part of the 
PC spectra and to so called "soft" mode at about 4- 
5 meV in the electron-quasiparticle spectrum. However, 
the measured PC spectra were featureless above 20 mV, 
although a number of pronounced phonon peaks are well 
resolved at higher energy by neutron spectroscopy [2^. 
In this paper we present more detailed data as to PC EPI 
spectra of YNi2B2C and as to directional measurements 
of the SC gap in this compound. The data were reported 
on M^S-HTSC Conference in Dresden JJuly 9-14, 2006) 
and partially published in Physica C [26|. 
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EXPERIMENTAL DETAILS 

We have used single crystals of YNi2B2C grown by a 
floating zone technique with optical heating [23|. The 
sample has a residual resistivity of po — l//f2cm and a 
residual resistivity ratio (RRR) about 40. It becomes su- 
perconducting at about 15.4 K with a transition width 
about 0.1 K. PCs were established both along the c axis 
and along the a axis as well as in the basal plane close to 
the [110] direction by standard "needle-anvil" or "shear" 
methods [3]. As a counter electrode Cu or Ag thin 
(0 ~0.15mm) wires were used to study the SC gap via 
the mechanism of Andreev reflection. A series of mea- 
surements were done using homocontacts between two 
pieces of YNi2B2C. In this case the orientation of the con- 
tact axis with respect to the crystallographic directions 
was not controlled. The experimental cell was placed in a 
flow cryostat, enabling measurements from 1.5 K up to Tc 
and higher. PCs were created by touching the YNi2B2C 
surface by sharpened Cu and Ag wires directly in the 
cryostat at liquid helium temperature. To establish ho- 
mocontacts two pieces of YNi2B2C were touched. An dis- 
advantage of the "needle-anvil" method is the sensitivity 
of the contacts to mechanical vibrations and to change 
of temperature. As a result, temperature measurements 
have sustained about a quarter from total in four tens of 
the contacts investigated at liquid helium temperature. 

Using a technique of synchronous detection of weak 
alternating signal harmonics, the first harmonic of the 
modulating signal Vi (proportional to the differential re- 
sistance R{V) = dV/dI{V)) and the second harmonic V2 
(proportional to d'^V/dP{V)) were recorded as a func- 
tion of the bias voltage V. V2(V) can be expressed as 
follows: 
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According to the theory of PC spectroscopy [l^, |20| the 
second derivative R-^dR/dV = R-^d^V/dP{V) of the 
I{V) curve of the ballistic contact at low temperatures is 
determined by the PC EPI function ap^F{e): 
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where e is the electron charge, d is the PC diameter 
and apc, roughly speaking, reflects strength of the in- 
teraction of electrons with phonons. This interaction un- 
derlines the large-angle scattering (back-scattering) pro- 
cesses [1^ of electrons in the PC constriction. Thus 
apQF{e) is a kind of transport EPI function which se- 
lects phonons with a large momentum or Umklapp scat- 
tering. The PC diameter d, which enters in Eq.([2]), can 
be calculated by the Wexler [2^ relation: 
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which consists of a sum of ballistic (Sharvin) and the dif- 
fusive (Maxwell) terms. Here pi = pp/ne^ corresponds 
to the free electron model, where pf is the Fermi momen- 
tum and n is the density of charge carriers. Using data 
for p = 2.5/xr2cm and Z=41nm from [2^ the product pi 
is about 10-"f}cm2 in YNi2B2C. 

From ID) and ([2]) apQ(e) F{e) can be defined as: 
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that is the measured ac voltage V2 weighted by is di- 
rectly proportional to the PC EPI function apQ(e) F{e). 
Here it is necessary to mention that the finite tempera- 
ture T and the alternating voltage Vi result in a smearing 
of the measured V2 spectra. Thus, the infinitely narrow 
spectral peak smears into a bell-shaped maximum (see, 
e.g. [iil) with the width 
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For example, the smearing of a PC spectrum measured 
at liquid helium temperature 4.2 K and at ac voltage Vi 
between 1 and 2 mV, mainly used in our measurements, 
is between 2.6 and 4mV. 

The PC EPI function app(e) F{e) should vanish above 
the maximum phonon energy TiWniax, which is close to 
the Debye energy fcBlb, because of the lack of phonons 
with larger energy. Therefore, according to ([4]) the PC 
spectrum V2{V) should vanish above eV > ?iWniax- In 
fact, measured PC spectra always have a nonzero almost 
constant value above the Debye energy, the so-called 
background. The general nature of the background was 
understood by taking into account an accumulation of 
noncquilibrium phonons in the PC region created by the 
energized electrons. The details of the background cal- 
culations are given elsewhere [13, [s^l- The most often 
semiempirical formula [l8| 



B{eV) = const 



de 



(6) 



is used to describe the background. Here for calculations 
of the energy dependent background an iterative proce- 
dure is applied taking as a first approximation for B(eV) 
a curve, which continuously increases from zero to the 
maximal background value at eV > TjWmax- 

In the case of a heterocontact between two metals the 
PC spectrum represents a sum of the contributions from 
both metals 1 and 2 weighted by the inverse Fermi ve- 
locity (31.] : 
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where v is the relative volume occupied by metal 1 in 
the PC. Thus, using of hcterocontacts enables also, e.g., 
qualitative estimation of the relative strength of EPI in 
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the investigated material as compared to some standard 
or well known one. 

According to the BTK theory [2l| of conductivity of 
N-c-S heterocontacts (here N is the normal metal, c is 
the constriction and S is the superconductor) a maxi- 
mum at zero-bias voltage and a double-minimum struc- 
ture at about V ~ ±A/e in the dV/dl curves manifest 
the Andreev reflection processes at the N-S interface with 
a finite, so called, barrier strength parameter Z ^Q. The 
latter has a simple interpretation: it increases normal 
state resistance of the PC by a factor of {1+Z'^). Thus, 
as it was mentioned, the minima position in dV/dl re- 
flect roughly the SC gap value, which follows from the 
equations for the I{V) characteristics 2l|: 
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where f(e) is the Fermi distribution function. In gen- 
eral, Z characterizes reflection (or transmission) of the 
N-S interface, which is defined also by the mismatch of 
the Fermi velocity vp- Thus, even in the absence of a 
"natural" barrier Z is non zero and is given by 



(9) 



The smearing of the experimental dV/ dl curves as com- 
pared to the calculated ones according to ([8]) is usually 
attributed to quasiparticle DOS N(e, F) broadening in 
the superconductor due to finite-lifetime. According to 
Dynes et al. [s^l it can be taken into account by adding 
an imaginary part to the energy e, namely, e is replaced 
by e - iF in jSI). We used dH) to fit the measured dV/dl 
curves of PCs and to extract the SC gap. 
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Figure 1: PC spectra [see Eq. (|4)|] of several YNi2B2C-Ag con- 
tacts with resistance 8.8, 6.8, 3.1, 2.8 and 5.1f2 (from the top 
curve to the bottom one). PC spectra are measured at 16 K 
>Tc ~15.4K to suppress superconductivity and avoid huge 
features in V2 between ~ ±20 mV due to the gap minimum 
shown in the bottom inset. The bottom curve (measured 
at 15.1 K - slightly below Tc) demonstrates these almost sup- 
pressed (sharp kink/peak) features close to zero bias. Vertical 
dashed lines are drawn to help to follow position of the main 
maximum in the PC spectra and tilted lines are drawn to ac- 
centuate hump around 50 mV. Upper inset shows PC spectra 
of YNi2B2C-Cu contacts with resistance 4.5 f2 measured at 
Vi(0)=2mV in the normal state by suppressing superconduc- 
tivity via temperature or magnetic field. 



EXPERIMENTAL RESULTS AND DISCUSSION 
PC spectroscopy of quasiparticle excitations 

Figure[T]shows PC spectra of several YNi2B2C-Ag het- 
erocontacts for which the SC gap has been measured si- 
multaneously. We have selected the PC spectra for which 
the SC gap varies (see Fig. 5]) gradually from the maxi- 
mal value of 2.5 meV (upper spectrum) to the minimal 
one of 1.65 meV (bottom spectrum). However, no qual- 
itative difference between PC EPI spectra is observed. 
The spectra show a dominant maximum at about 12 mV 
and a broad shallow maximum or hump centered around 
50 mV (Fig.[T|). These maxima correspond well to the 
phonon DOS maxima at 12 and 50 mV of YNi2B2C (see 



Fig. [2]) obtained by neutron diffraction [2^ . At the same 
time the PC spectra do not contain contributions from 
the other phonon maxima at 20, 24, 32 mV and 100 mV 
observed in the phonon DOS. In this context we should 
mention that PC spectra of HoNi2B2C [1^ display men- 
tioned phonon maxima near 20, 24, 32 mV. Contrary, 
the PC spectra of YNi2B2C above 12 mV is monotonic 
and almost featureless, except of the mentioned 50 mV 
feature. Of course, the increase of noise with the volt- 
age hides details of the spectra at higher energies. Note 
also, that the spectra in Fig.[T] are measured in the nor- 
mal state at 16 K where the resolution due to the Fermi 
level smearing is according to ([5]) about 8 meV which can 
mask fine features. However, as the upper insert in Fig.[T] 
shows, the spectrum measured at 4.5 K (solid curve) with 
the resolution of about 4 mcV is similar to the other one 
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Figure 2: PC spectra [see Eq. (|4|] of several YNi2B2C- 
YNi2B2C homo contacts with different resistance (shown in 
inset). The PC spectra are measured in magnetic field 6 T to 
suppress SC features at low bias. The PC spectrum for f 0.5 Q 
contact still shows maximum around 4 mV due to residual su- 
perconductivity. The bottom curve shows phonon density of 
states (PhDOS) for YNiaBaC from [H. 



(dashed curve) only it has a little bit sharper maximum 
at 12 mV. Even improving resolution below 3mV (see 
Fig. [3]) does not recover additional details of the spectra. 
It means that the instrumental broadening of the spec- 
tra does not play here a crucial role. In this respect we 
should note that according to recent data [s^l the strong 
EPI gives rise to pronounced anomalies in the phonon 
dispersion curves of YNi2B2C and concurrently to large 
line widths of certain phonon modes. The latter along 
with selection of the large-angle scattering processes in 
PC can be responsible for the broad and less detailed 
(compared to PhDOS) structure in PC EPI spectra. 

By interpreting the PC spectra of heterocontacts we 
have to take into account for possible contributions of 
the normal metal (e.g., Ag or Cu) used as a counter elec- 
trode. To avoid this we have measured PC spectra of 
homocontacts shown in Fig.Hl No qualitative difference 
in the spectra of homo and heterocontacts is seen (com- 
pare spectra in Figs. [T] and [2]). Thus, the contribution 
of Ag or Cu in the presented PC spectra of heterocon- 
tacts (see, Fig.[T]) is negligible. Apparently, low Fermi 
velocities in nickel borocarbides 0, [j] as compared to the 
noble metals accentuate the contribution of YNi2B2C in 



Figure 3: (a) PC spectra [see Eq. (g}] of two YNi2B2C homo- 
contacts averaged for two polarities. The superconductivity is 
suppressed by a magnetic field. Dotted curves show the back- 
ground behavior calculated according to ((6]). Dashed curves 
on the PC spectra are drawn by hand to better visualize hump 
around 50 mV. Vi(0) is 0.7 and 0.87 mV, which gives 5=2.3 
and 2.5 mV according to ((5]). (b) PC spectra from the upper 
panel after subtracting of the background. The bottom curve 
shows PhDOS for YNi2B2C [2^. Vertical arrow shows po- 
sition of the maximum in PhDOS which corresponds to the 
main maximum in the PC spectra. 



the PC spectra according to Eq. ([7]). 

Fig-El displays the PC spectra of two homocontacts 
averaged for negative and positive polarity. Here also 
the behavior of the background obtained from ^ and 
the neutron phonon DOS are shown. According to neu- 
tron data [25| there is a gap around 40 meV, which sep- 
arates acoustic and optic phonon branches. In this en- 
ergy region only a flattering occurs in our PC spectra 
after subtracting of the background. The main reason is 
that subtraction of the background for PC spectra with a 
high background level is not a straightforward procedure. 
Nevertheless, the PC spectra show two remarkable fea- 
tures - a maximum at about 12 mV and a hump around 
50 mV. Similar PC EPI spectra of YNi2B2C were pre- 
sented in [H,!!!. Here we only note that the measured 
normal state PC EPI spectra of YNi2B2C demonstrate 
no " soft" modes around 4-5 mV discussed by Yanson et 
al. 2^, 24 1 and noticed by Martinez-Samper et al. Q in 
STM spectra. Similar to "soft" mode maxima are seen 
in the bottom spectrum in Fig.[T] and in the spectrum of 
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10.5 rj-contact in Fig.[2l but they can be attributed to 
superconductivity which is not fully suppressed in these 
contacts. 

After subtracting the background from the measured 
PC spectra the EPI function is established according 
to Eq.© (see Fig.[3)D) and the EPI parameter A = 
2 J a'^F(u!)(jj~^du! is calculated, which is found to be 
about 0.1. However, the calculation of A from a PC 
spectrum is complicated for several reasons. First of all 
equation ([4]) is derived for a free electron model and a 
single band Fermi surface. Secondly, deviations from the 
ballistic regime in PC due to elastic scattering have to 
be corrected by a pre- factor li/d in (|4]), where k is the 
elastic electron mean free path and d is the PC diame- 
ter. However, k is difficult to evaluate for the PC. In this 
case only a qualitative estimation of A is possible taking 
into account that contribution of Ag or Cu in the PC 
spectra of YNi2B2C-Ag/Cu heterocontacts in Fig.[T](PC 
spectra of YNi2B2C-Cu heterocontact is shown in inset) 
is hardly to resolve. From the latter we can conclude 
that the intensity of the EPI function in YNioB? C is at 
least larger than that in Cu, where A ~0.25 [l8|. This 
provides an complementary confirmation of the moder- 
ate EPI in YNi2B2C with the lower hmit of 0.25 for the 
A [4]J. Note also that because the 12mV-maximum pre- 
vails in the PC spectra, the main (about 90%) contribu- 
tion to Xpc comes from the energy region below 35 meV 
corresponding to the low energy (acoustic) part of the 
phonon DOS. Calculation of EPI couphng in YNi2B2C 
revealed that about 70% of A results from the nine lowest 
branches [s^ ]. 

No significant anisotropy of the PC EPI spectra in 
YNi2B2C was observed (see, e.g., Fig.[T]). The main rea- 
son can be that the spectra are quite broad and smeared, 
what hides the fine structure of EPI, which might be 
anisotropic. However, isotropic behavior of the resistiv- 
ity in YNi2B2C mentioned in [1, 01 is in line with almost 
isotropic PC spectra. 
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Figure 4: Reduced dV/dl curves (solid lines) of YNi2B2C-Cu 
contacts at T—4.2 K. PC spectra for these contacts are shown 
in Fig.[T] Dashed lines are BTK fitting curves according to 
([8]). The curves are shifted vertically versus the bottom one 
for clarity. The table shows SC energy gap A, F and Z pa- 
rameters obtained by BTK fitting of the experimental curves. 
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Figure 5: Gap distribution measured for a cleaved nonori- 
ented surface of YNi2B2C single crystal. 



Directional PCS of the SC energy gap 

As it was mentioned above the SC gap manifests itself 
in the dV/dl characteristic of a N-c-S contact as minima 
around V ~ ±A if Z ^0 and a temperature is well below 
Tc- Such dV/dl curves are presented in Fig. [4] for several 
contacts whose PC spectra are shown in Fig.[TJ dV/dl in 
Fig.|4]reflects also the distribution of the gap in YNi2B2C. 

The gap distribution is also shown in Fig. [5] for a 
cleaved nonoriented rough YNi2B2C surface. The char- 
acteristic values of the fitting parameters are shown in 
Table I. The distribution in Fig. [5] is similar to that ob- 
served for YNi2B2C films Different from the films 
is that the gap values in Fig. [5] stretched above 2.4 meV. 
Note, that the average gap is close to the BCS value of 
A=1.76fcBTc ~2.3meV. Interesting that using effective 



Fermi velocities in YNi2B2C in the range from 0.45x10^ 
to 4.5xl0^m/s [l3| within the two-band model and 
a typical Fermi velocity of Cu 1.57xl0®m/s, the barrier 
parameter Z can be estimated according to ([9]) to be be- 
tween 0.67 and 2.9 values, that is the lower value is close 
to the maximal Z from the Table I. 



Table I; Average, minimal and maximal values of the SC gap 
A, 'smearing' parameter F and 'barrier' parameter Z for PCs 
represented gap distribution in Fig. (5] 
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Figure 6: Gap distribution for the three main directions in 
YNi2B2C single crystal. In comparison with our gap distri- 
bution presented in [2^, here, the data are added measured 
for 21 contact for YNi2B2C with improved RRR ~ 60. But 
it makes no qualitative changes, only improves statistic. 



Figure 8: Temperature dependence of the small (1.5 meV) and 
large (2.3 meV) gap in YNi2B2C. Solid curves represent BCS- 
like behavior. Inset shows normalized to the normal state 
dV/dl curves (solid) for the small gap along with calculated 
curves (dashed) according to ((8]). 
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Figure 7: Gap distribution for the polished (bright) and un- 
polished (unbright) surface of YNi2B2C single crystal for two 
main directions versus critical temperature in PC. Inset shows 
draft of the YNi2B2C single crystal and sharpened Ag wire. 



The gap distribution for different crystallographic ori- 
entations in YNi2B2C is shown in Fig.[6l The anisotropy 
in the distribution is clearly seen: a small gap is charac- 
teristic for the a-axis, while along the c-axis the gap is 
larger. Also the [110] direction has in average a slightly 
enhanced gap. 

To exclude the gap variation due to surface degrada- 
tion we have checked also the critical temperature of the 
gap vanishing for most of PCs. In Fig. [7] gap values for 
the a and c axis for the surface before polishing (marked 
by dark symbols) and after mechanical polishing and 
chemical etching (marked by bright symbols) are plot- 
ted against the critical temperature Tc of the PC. It is 
seen that for two PCs with low gap value of about 1 meV 



Tc is reduced as compared to the bulk one, therefore, 
a degradation of the SC state at the surface is likely re- 
sponsible for the low gap value (< 1 meV) rather than an 
anisotropy of the gap. Contrary, different gap values for 
PCs with the same Tc shown in Fig. [7] gives unequivocal 
evidence of intrinsic reason of the gap variation. 

It is noted that the derived gap values are fairly consis- 
tent with recent specific heat data [l3| . Here it was shown 
that the two-gap model with A=2.67mcV and 1.19 mcV 
describe the SC gap function of YNi2B2C better than 
other models based on the isotropic s-wave, the d-wavc 
line nodes, or the s-|-g wave approach. Furthermore, as it 
was shown in [35| two-gap fit better describes dV/dI{V) 
curve of PCs in the sister compound LuNi2B2C. 

The temperature dependence of A for two PCs with 
different gaps is shown in Fig. [51 It is seen that A(r) 
has in general BCS-type dependence. The gap is found 
to vanish close to the bulk Tf,. However, the small 
gap deviates from the BCS curve by approaching T^. 
Similar (small) gap behavior is characteristic for the 
well-known multiband (two-gap) superconductor MgB2 
[1^. Thus the mentioned observations of the gap be- 
havior and distribution can be taken as support of two- 
gap scenario in YNi2B2C. At the same time as follows 
from recent ARPES experiments [l3|, the momentum- 
dependent superconducting gap shows a large anisotropy 
(A = 2.3 — 3.2 me V) observed on a single FS. Also 
ultrahigh-resolution photoemission spectra 37[ are bet- 
ter described by anisotropic s-wave gap in the form 
A{0) = 2.8|cos 26*1 (meV). Therefore, the gap behavior 
in YNi2B2C is rather complex, showing both anisotropic 
and multiband superconductivity. 
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Figure 9: Magnetic field dependence of dV/dl curves for 
YNi2B2C-Au contact. Inset shows behavior of the excess 
current for this contact and for another one with larger A. 



Magnetic field behavior of the SC energy gap and 
excess current 



In Fig. [9] the field dependence of dV/dl curves for a 
YNi2B2C-Au contact is shown. A remarkable suppres- 
sion of the minimum in dV/dl is observed for applied 
field above 3 T. This increases of the error in the deter- 
mination of the A value and makes calculations of A less 
accurate, especially close to the critical field. The latter 
can be estimated of about 6 T from the SC features (min- 
imum) disappearing in dV/dl, that is it is close to the 
bulk critical field at helium temperature 4.5 K (see e. g. 
[2^). A(i3) behavior extracted from the dV/dl curves 
for this and several other contacts is shown in Fig. [101 In 
general, A{B) exhibits a conventional behavior decreas- 
ing with overall negative curvature. At the same time 
the excess current lexc, which is roughly speaking pro- 
portional to the area of the gap minimum in dV/dl (or 
more precisely to the area of the gap maximum in differ- 
ential conductivity dl/dV), decreases with the magnetic 
field with a positive curvature (see Fig. [5] inset). Simi- 
lar /exc(-B) behavior we have recently reported for PC 
on YNi2B2C film [l^ and before a remarkable positive 
curvature in /exc(-B) has been observed for the two-band 
superconductor MgB2 . As it was shown for the first 
time in [3§], the excess current of an S-c-N contact is 
governed by A or SC order parameter (i^l- Indeed, the 
temperature dependence of Icxc (T) (not shown) is similar 
to the A(T) dependence, that is Jexc {T) has a negative 
curvature, while /exc(-B) does not. In [38[ the model was 
proposed that in the mixed state of type-II superconduc- 
tor /exc is proportional not only to A(B), but also to the 
SC volume, outside vortices. The size of the contacts in 
Fig-Hnican be estimated from ([31) in a few tens of nanome- 
ters, while coherence length in YNi2B2C is about 5-8 nm 
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Figure 10: Magnetic field dependence of the SC gap at 4.2 K 
in YNi2B2C extracted from dV/dl for a few contacts: (a) 
SC gap in absolute value, (b) SC gap reduced to A(i3 = 
0). Grey curve shows the behavior oc (1 — B j Bc'i)^^'^ of the 
pair potential of a type II superconductor in the vortex state 
according to Abrikosov's theory. 



[1, . Therefore a number of vortices can penetrate the 
PC area at a field approaching i?c2- 



CONCLUSION 

We have carried out investigations of the clcctron- 
phonon spectral function and the SC energy gap in 
YNi2B2C by PCS. We have measured PC EPI spectra 
of YNi2B2C in the normal state showing the dominant 
phonon maximum at about 12meV along with hump or 
kink around 50meV. Position of these features in the 
PC spectra corresponds to the maxima in the phonon 
DOS measured by neutron diffraction. However most of 
the phonon peaks are not resolved in the PC spectra. 
The reason can be weak contribution of some phonons 
into large-angle electron-phonon scattering in PC and/or 
large line widths of certain phonon modes. We did not 
found appreciable difference in the PC EPI spectra for 
PCs demonstrating different SC gap value, what may tes- 
tify that the gap variation (anisotropy) is connected with 
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the electronic structure. 

The observed variation of the gap is such that the 
smah gap (A ~1.5nieV) is characteristic for the direc- 
tion along the a-axis, while along the c-axis the gap is 
higher (A '^2.3mcV) and similar or slightly larger gap is 
measured for the [110] direction. The directional varia- 
tion A along with the absence of marked anisotropy of 
PC EPI spectra can be an issue of complex multiband 
ground state in YNi2B2C. Multiband scenario for the SC 
state is also supported by the observation of the small 
gap and the excess current behavior for YNi2B2C similar 
as in the two-gap(band) superconductor MgB2. 
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